BACKGROUND: Respiratory syncytial virus (RSV) is a leading cause of lower respiratory tract infection (LRTI) in infants and young children, accounting for approximately 75,000-125,000 hospitalizations per year. It is estimated that in 2000, RSV infection accounted for 1.7 million office visits, 402,000 emergency room visits, and 236,000 hospital outpatient visits per year for children younger than 5 years of age. Palivizumab, a humanized monoclonal antibody directed against RSV, is the only immunoprophylaxis therapy approved by the FDA for prevention of serious lower respiratory tract disease caused by RSV in infants (up to 2 years of age) who meet 1 or more of the following criteria for high risk: (a) gestational age up to 35 weeks; (b) diagnosis of chronic lung disease (CLD, formerly bronchopulmonary dysplasia [BPD]); or (c) diagnosis of cyanotic or complex congenital heart disease. The RSV season typically occurs between November and March but may vary by region. During the period of our review, depending on local duration of the RSV season, infants usually required 5 monthly (every 28-30 days) intramuscular injections of palivizumab. Infants born in the middle of the season received their palivizumab doses from the time of birth to the end of the season and, therefore, may have required less than 5 doses. It is unclear if compliance with monthly doses is a problem and whether noncompliance increases the risk of RSV hospitalizations in routine clinical practice.
office, depending on the definition of compliance, rates were 61%-100% for Medicaid infants and 44% for infants of minority descent. Reminder telephone calls to parents or caregivers, comprehensive multidisciplinary programs that included extensive counseling of parents, calendars with sticker reminders, and education in the language native to parents also were associated with increased compliance, although statistical significance was reported in only 1 study. Several studies recommended educating parents on the benefits of RSV prophylaxis, alleviating transportation and language difficulties, recognizing cultural differences and biases, and clarifying misperception of RSV illness severity. Home health programs had lower rates of RSV hospitalizations than office-based programs in 3 analyses conducted in 2 studies. In 4 other abstracts, the rates of RSV hospitalization for home health programs and office-based administration did not significantly differ. In a large, 4-season, prospective outcome study, compliant infants had lower RSV hospitalization rates than those who were not compliant under one definition of compliance (doses within 35-day intervals). RSV hospitalization rates were not significantly different using another definition of compliance (receipt of anticipated doses, expected vs. observed rates).
In a large survey of 10,390 infants identified from pharmacy dispensing records, RSV hospitalization rates were 1.4% in the compliant group versus 3.1% in the noncompliant group (OR = 2.2, 95% CI = 1.4-3.5, P < 0.001). Adjustment for confounding was not reported in these studies.
CONCLUSION: Medicaid and minority infants were less likely to receive scheduled palivizumab doses. Home-based programs for the administra
• Two randomized controlled trials (RCTs) have investigated the efficacy of palivizumab in reducing RSV-associated hospitalizations. During the 1996-1997 RSV season, for children with either prematurity up to 35 weeks gestation or bronchopulmonary dysplasia/chronic lung disease (BPD/CLD), palivizumab compared with placebo reduced RSV-associated hospitalizations for both those without BPD/CLD (78% reduction: 8.1% vs. 1.8%, P < 0.001) and those with BPD/CLD (39% reduction: 12.8% vs. 7.9%, P = 0.038). In the second RCT, RSV-associated hospitalizations were reduced by 45% for palivizumab versus placebo (9.7% vs. 5.3%, P = 0.003) for children aged 24 months or younger with hemodynamically significant congenital heart disease in 4 
R espiratory syncytial virus (RSV) infection is a leading cause of lower respiratory tract infection (LRTI) in infants
and young children. [1] [2] [3] [4] RSV-related illnesses account for approximately 75,000-125,000 hospitalizations per year. 4 Furthermore, RSV was associated with a mortality rate of 5.3 per 100,000 person-years for infants younger than 1 year of age due to respiratory and circulatory causes from the 1990-1991 through 1998-1999 annual respiratory illness seasons (July through June). 5 Although the mortality rate in patients hospitalized with RSV LRTI is less than 1% overall, 6 children with heart and lung
• Rates of compliance with RSV prophylaxis range from 25% to 100% and are more variable than those observed in clinical trials (92% and 93%).
• Compliance rates tend to be lower in infants enrolled in Medicaid and in minority groups, ranging between 44% and 100% using office-or clinic-based administration. Home health programs have been associated with better compliance rates, ranging from 64% to 94%, in these groups.
• Other factors that negatively affect compliance include limited access to care, parental perception of limited benefits with prophylaxis, transportation problems, and language difficulties. Interventions aimed at eliminating these barriers should be investigated further using well-designed studies.
• Home-based programs for the administration of palivizumab have been investigated more than other interventions and are associated with improved compliance compared with officebased administration. Compliance with dosing, in general, was associated with lower RSV hospitalization rates. However, these strategies should be further investigated using welldesigned studies.
What this review adds A Systematic Review of Compliance with Palivizumab Administration for RSV Immunoprophylaxis
What is already known about this subject (continued) disease have significantly higher mortality rates (3.4% and 3.5%, respectively). 7 A study by Paramore et al. (2004) estimated that in 2000, RSV infection accounted for 1.7 million office visits, 402,000 emergency room visits, and 236,000 hospital outpatient visits per year for children younger than 5 years of age in the United States. 8 The economic costs of RSV LRTIs are high. Premature infants (up to 35 weeks gestational age), including those with chronic lung disease (CLD, formerly bronchopulmonary dysplasia [BPD]), infants with cyanotic or complex congenital heart disease, and those with severe neurologic or airway problems, are particularly vulnerable to developing severe LRTIs, requiring frequent hospitalizations. 1, 6, [9] [10] [11] [12] [13] In Horn and Smout's study of 304 infants hospitalized for bronchiolitis or RSV pneumonia at 9 children's hospitals from 1995-1996, rates of intensive care unit (ICU) admission were 31.3% overall, as high as 48.4% in infants born at 33-35 weeks gestational age (n = 31), and 39.3% in those born at up to 32 weeks gestational age (n = 28).
14 Intubation was required in 16.4% overall, 38.7% of those born at 33-35 weeks gestational age, and 21.4% of those born at up to 32 weeks gestational age. In the subgroup born at up to 35 weeks gestational age, mean ICU length of stay was 5.8-7.7 days, and mean hospital stay was 6.8-8.4 days. 14 Estimates of the cost of RSV-related hospitalization vary. Using data from a large managed care organization, Joffe et al. (1999) 15 calculated the mean cost of a hospitalization for RSV as $8,502 in 1995 dollars, but Robbins et al. (1998) 16 calculated a higher "plausible estimate" of $15,000-$25,000 per RSV hospital admission. A more recent poster abstract report estimated the mean cost of RSV hospitalization, in 2007 dollars, to be $9,014 in full-term infants (n = 1,983), $13,876 in infants born at less than 33 weeks gestational age (n = 46), and $18,403 in infants born at 33-36 weeks gestational age (n = 149). 17 In addition, although a significant association has been shown between RSV infection in childhood and long-term development of subsequent asthma and recurrent wheezing, a systematic review of the literature suggested that further studies are needed to confirm this association. 18 No completely effective treatment for RSV LRTI exists, and attempts at developing a vaccine have proven unsuccessful thus far. Palivizumab (Synagis; MedImmune, Gaithersburg, MD), a humanized monoclonal antibody directed against the F protein of RSV, is the only immunoprophylaxis therapy available that is approved by the U.S. Food and Drug Administration (FDA) for the prevention of serious lower respiratory tract disease caused by RSV in pediatric patients at high risk of RSV disease. 19 During the time of our review, palivizumab dosing usually consisted of 5 monthly (28-30 days) intramuscular injections of 15 milligrams per kilogram (mg per kg) administered during the RSV season, 19 which typically occurs between November and March, but may vary by region. 20 Because infants born during the RSV season receive their palivizumab doses from the time of birth, infants included in the studies covered by this review may have required less than 5 doses.
The efficacy of palivizumab in reducing the incidence of lower respiratory tract disease is well established. In clinical studies, palivizumab has been shown to reduce the overall incidence of RSV-associated hospitalizations in high-risk pre-term infants and those with CLD and congenital heart disease (CHD) compared with placebo. 19, 21, 22 In the pivotal licensure study, significant reductions in RSV-associated hospitalizations were observed in premature children up to 35 weeks gestation in comparison with placebo, both among those without BPD/CLD (78% reduction: 8.1% vs. 1.8% , P < 0.001) and those with BPD/CLD (39% reduction: 12.8% vs. 7.9%, P = 0.038), with an overall reduction of 55% (10.6% vs. 4.8%, P < 0.001). 21 The most common adverse events, occurring at least 1% more frequently in palivizumabtreated versus control patients, were upper respiratory infection, otitis media, fever, and rhinitis. 19, 21 In comparison with placebo, palivizumab reduced RSV-associated hospitalizations by 45% (9.7% vs. 5.3%, P = 0.003) in infants and young children with hemodynamically significant CHD. 22 The Palivizumab Outcomes Registry was a prospective observational registry designed to collect data on the demographics, clinical characteristics, and outcomes of infants who received palivizumab for prophylaxis of RSV in the United States from 2000 to 2004. 23 Data collected in this registry and in several other observational post-marketing studies provided further evidence regarding the effectiveness of palivizumab in preventing serious RSV disease leading to hospitalization. [23] [24] [25] [26] [27] [28] [29] Rates of RSV hospitalization were as low as 0.7% among prophylaxed infants during the most recent RSV season (2003) (2004) in the Palivizumab Outcomes Registry. 23 Because of this evidence supporting the benefits of palivizumab immunoprophylaxis, 2006 recommendations by the American Academy of Pediatrics (AAP) guidelines (Red Book) for the use of palivizumab were as follows: (a) palivizumab prophylaxis should be considered for infants and children younger than 24 months of age with CLD of prematurity who required medical therapy for CLD (supplemental oxygen, bronchodilator, or diuretic or corticosteroid therapy) within 6 months before the start of the RSV season; (b) infants born at 32 weeks of gestation or earlier may benefit from RSV prophylaxis, even if they do not have CLD; (c) children who are 24 months of age or younger with hemodynamically significant cyanotic and acyanotic CHD will benefit from palivizumab prophylaxis, with the greatest likelihood of benefit in those who are receiving medication to control congestive heart failure or have either moderate to severe pulmonary hypertension or cyanotic heart disease; and (d) most experts recommend that among infants born at 32-35 weeks gestation, prophylaxis should be reserved for those at greatest risk of severe infection (i.e., 2 or more risk factors, such as child care attendance, school-aged siblings, exposure to environmental air pollutants, congenital abnormalities of the airways, or severe neuromuscular disease) and who are younger than 6 months of age at the start of the RSV season (Appendix). 13 33 Given the high costs of palivizumab, compliance could be an important issue to payers. Frequently, managed care organizations spend significant time and effort to prior authorize requests for palivizumab to ensure that high-risk infants receive prophylaxis. 34 Once prior authorization is obtained, compliance with the prescribed regimen is needed to maintain protection throughout the season. Thus, noncompliance diminishes the value of the expense already incurred for previously administered palivizumab doses and could result in hospitalization and higher costs.
Because palivizumab has a mean half-life of approximately 20 days, monthly injections are recommended during the RSV season. 19 Palivizumab serum concentrations of at least 40 micrograms per milliliter (ug per mL) have been shown to reduce pulmonary RSV replication in the cotton rat model of RSV infection by 100-fold. 19 Monthly intramuscular doses of 15 mg per kg in pediatric patients younger than 24 months of age achieved mean (SD) 30-day trough serum drug concentrations of 37 (21) ug per mL after the first injection, 57 (41) ug per mL after the second injection, 68 (51) ug per mL after the third injection, and 72 (50) ug per mL after the fourth injection. 19 Understanding the characteristics of the noncompliant infant, the consequences of noncompliance, and interventions that potentially increase compliance should be useful to managed care decision makers. This literature review (a) identifies and describes compliance rates and the factors that influence parental compliance with palivizumab immunoprophylaxis regimens, (b) reviews intervention programs and describes those that have been associated with increasing compliance, and (c) summarizes the impact of compliance with the recommended regimen of palivizumab immunoprophylaxis on RSV hospitalization rates. . The search of abstract and journal databases combined the term palivizumab (or its synonyms) with the terms patient compliance to therapy, patient adherence to therapy, or patient persistence with therapy. For Ovid and Web of Science, the term patient cooperation was also used to make the search more comprehensive. The following inclusion criteria were on included and excluded abstracts and articles.
■■ Methods
Data from different studies selected were summarized into the following categories to help understand the literature available: (a) characteristics of compliant versus noncompliant infants (12 studies); (b) home-based versus office or clinic care (10 studies); (c) programs to improve compliance (6 studies); and (d) impact of compliance on RSV hospitalizations (2 studies). Some studies provided information that fit more than 1 category.
■■ Results
A total of 25 articles and abstracts were identified as relevant to compliance with palivizumab. 23, Of these, 8 involved retrospective review of data, [35] [36] [37] [38] [39] [40] [41] [42] 11 were prospective, 23, [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] 4 involved surveys, [53] [54] [55] [56] and 2 involved a review of data retrospectively combined with a follow-up call/interview. 57, 58 A total of 8 studies were peer-reviewed articles, 23, 39, 43, 47, 48, 52, 53, 56 1 was a letter to the editor, 42 and the remaining 16 were meeting abstracts. [35] [36] [37] [38] 40, 41, [44] [45] [46] [49] [50] [51] 54, 55, 57, 58 Compliance was defined in various ways across studies. In 11 studies, 37, 40, 42, 43, [47] [48] [49] [52] [53] [54] [55] infants who received all recommended palivizumab doses were considered compliant. In 1 applied to the search: focus on palivizumab use and compliance with therapy, articles uploaded until April 2008, and articles written in English. Exclusion criteria were as follows: abstracts/ articles not related to palivizumab (e.g., respiratory syncytial virus immune globulin intravenous [RespiGam] ), those focusing on provider compliance with guidelines or other topics, those not reporting compliance rates, and those reporting use of palivizumab primarily in populations not currently indicated for prophylaxis.
A total of 116 articles and abstracts were reviewed for topic significance ( Figure 1 ). Initially, 67 articles and abstracts met the inclusion criteria. In the second review cycle, duplicate articles and abstracts and multiple reports of the same data were excluded; for these studies, the most recent report with the most comprehensive data was used. Of 34 articles and abstracts that met the inclusion criteria in the second review cycle, 9 were rejected because their focus was on provider compliance with guidelines or on off-label use or because they did not provide information relevant to the scope of this review (remaining articles, n = 25). All authors performed screening in each review cycle independently and met to discuss and reach final agreement Parental perception of the benefits of immunoprophylaxis is an important consideration when designing interventional programs to enhance compliance. Langkamp and Hlavin (2001) reported the results of a survey mailed to 385 families (211 completed questionnaires) of high-risk infants (i.e., infants who had been discharged from a neonatal ICU or who had CLD not associated with prematurity) who were eligible to receive prophylaxis in 1998-1999. The strongest predictor of compliance was the parents' perception that palivizumab would protect their infant from RSV. 53 A total of 78% of infants received all of their doses; 67% of parents in the compliant group answered that they believed palivizumab would protect their infant "a great deal" against RSV, compared with 48% of parents in the noncompliant group (P = 0.04). Langkamp et al. (2001; reported that parental perception continued to have an influence on compliance rates over the next 2 seasons of 1999-2000 and 2000-2001. 54, 55 Parents who thought that palivizumab would protect their child against RSV infection "some" or "a lot" (believers) were more likely to be compliant than those who thought it would protect "not at all" or "a little" (skeptics)-88% compliance among believers versus 53% among skeptics (P < 0.001) in 2000-2001 54 and 85% compliance among believers versus 18% among skeptics (P < 0.001) in 1999-2000. 55 Lack of transportation was also a barrier to compliance. In the 1998-1999 season, 85% of parents in the compliant group versus only 65% in the noncompliant group reported that they had no difficulty with transportation (P = 0.004). 53 In addition, parents of Medicaid children who were worried about their infant being infected with RSV were more likely to be compliant than less worried parents (OR = 6.62, 95% CI = 1.22-35.97, P = 0.03). Langkamp and Hlavin concluded that parental education emphasizing the benefits of palivizumab immunoprophylaxis may influence compliance and that advice from primary care providers, such as the 2-page letter provided to parents in the Langkamp and Hlavin study, may play an important role in improving compliance. 53 Results of some studies carried out outside the United States may be applicable to some U.S. populations. In a multicenter, study, compliance was defined as receipt of at least 80% of recommended doses. 38 In 5 studies, 45, 46, 51, 57, 58 the definition of compliance was based on appropriate intervals (21-35 days) between doses, whereas 6 studies defined compliance as receipt of all palivizumab doses and/or as receipt of doses at appropriate intervals. 23, 35, 36, 39, 44, 56 In studies that used number of doses to define compliance, the actual number of injections given at the appropriate time was compared with the projected number of injections an infant should receive. Infants and young children who did not receive the projected number of doses were considered noncompliant. Some abstracts did not adequately describe their definition of compliance, presumably due to space restriction. 41, 50 Nevertheless, the information contained in these abstracts regarding compliance rates before and after specific interventions is included in this review. Overall compliance rates varied from as low as 25% to as high as 100%. 40, 55 The compliance rates of patients in clinical studies involved in palivizumab licensure were 92% and 93%. 21, 22 Thus, compliance in routine practice was more variable.
Characteristics of Compliant and Noncompliant Infants
Twelve studies explored factors positively and negatively associated with compliance to immunoprophylaxis with palivizumab. 35, 42, [44] [45] [46] [47] [48] [53] [54] [55] [56] 58 A program in which telephone interviews (n = 123) were conducted using a quantitative questionnaire revealed that compliance was significantly higher in nonsmoking families (79.8% vs. 58 A retrospective review of records (n = 650) from a variety of prophylaxis administration sites reported noncompliance rates of 70% for physician offices, 26% for day health centers, 12% for pulmonologists' offices, 11% for outpatient clinics, and 9% for at-home administration of palivizumab by a visiting nurse. The authors concluded that compliance with an RSV prophylaxis program was greater in a more specialized setting. 35 Medicaid enrollment was associated with noncompliance with the recommended regimen. A large number of infants in the Palivizumab Outcomes Registry (47% of 19,474) were enrolled in Medicaid. 44 When risk factors and compliance with therapy were compared in infants enrolled in Medicaid with other insurance coverage, a higher proportion of infants enrolled in Medicaid were found to be noncompliant (22% vs. 15%, P < 0.001) when the number of doses received was compared with the number of doses anticipated, irrespective of duration between doses. When the definition of noncompliance accounted for betweendose duration exceeding 35 days, the rates of noncompliance for Medicaid and other coverage, respectively, were 37% versus 24% (P < 0.001). 44 Langkamp et al. (2001; ) also reported lower compliance in a subgroup of Medicaid patients compared with patients in the sample overall evaluated over 2 RSV seasons RSV season except Hand et al. (2008) , who used a pre-intervention versus post-intervention comparison. 39 Sample size, when reported, varied from 41 to 17,641 in groups being compared. Two studies 54, 55 did not report the sample size for the home or the clinic/office group and compared 3 groups: outpatient clinic, home, and primary care physician office. Therefore, P values reported correspond to a 3-group comparison. Also, 1 study had a sample size of less than 50 per group. 43 Nine of the 10 studies were single-center studies that followed infants from a particular local hospital, the geographic location of which was mentioned only in 2 reports (Newark, Delaware, 43 and Bronx, New York 39 ). One study involved 256 pediatric sites located throughout the United States (41 states and the District of Columbia). 23 All 10 studies reported data on primarily high-risk infants with Medicaid patients in 4 of them. Data from the Palivizumab Outcomes Registry were reported for all patients available at follow-up and for the Medicaid subgroup. 23 One study reported data on minority infants, 45 and 1 reported data on urban innercity infants. 38 Definitions of compliance were based on total number of doses, doses given on schedule, or doses within 35 days of previous dose. 23, [36] [37] [38] [39] 43, 45, 51, 54, 55 Compliance rates at clinic or office sites ranged from 36% 43 to 100%, 55 as compared with home health rates, which ranged from 64% 45 to 96.9%. 51 For Medicaid patients, the compliance rates for clinic or office ranged from 53% 54 to 100%, 55 whereas home health compliance rates ranged from 75% 23 to 94%. 54 In one study, minority patients had a compliance rate of 44% at the clinic/office setting and 64% at the home setting (P < 0.001). 45 In another study, the rates for urban inner-city patients were 83.3% for clinic/office setting and 96.2% for home setting (P = 0.012, calculated using a Fisher's exact test). 38 Most comparisons found significantly better compliance rates with home health programs as compared with clinic/ office programs 23, [36] [37] [38] [39] 43, 45, 51, 54 except the 2001 Langkamp study in which 1 of the clinic groups had higher compliance than the home health group. 55 When the association between RSV hospitalization and administration site was investigated, patients who received all doses of palivizumab at home had lower RSV hospitalization rates than did clinic/office patients in the Palivizumab Outcomes Registry study (overall: 0.4% vs. 1.2%, P = 0.014; Medicaid: 0.6% vs. 1.6%, P = 0.02) 23 and a lower mean number of all-cause hospitalizations per patient during the RSV season in a 2008 study by Hand et al. (0.35 vs. 1.01, P = 0.001). 39 However, in 4 studies, the differences in RSV hospitalization rates for clinic/office and home health care were not significant. [36] [37] [38] 51 Note that 1 study did not specify whether the hospitalization rate reported during the RSV season was attributable to documented RSV hospitalizations. 39 These studies did not report any multivariate analyses to control for potential confounders. Although the data from these studies suggest better compliance in home-based programs, well-designed studies would help further establish this relationship.
prospective study involving 118 Italian pediatric centers in which 4,859 children were recruited, Macagno (2005) showed that compliance with palivizumab prophylaxis was low in children starting the program in October and November but increased over the course of the season. 47 This finding suggests that Italians perceived the risk of RSV infection mainly during the peak of the outbreak. The number of expected doses in this study was 8,328, and the actual doses administered were 4,881, which can be estimated as an overall compliance rate of 58.6%. 47 A similar prospective surveillance study repeated the following year revealed that compliance with immunoprophylaxis was relatively stable for a limited period of the RSV season, between December and March, with a decrease after February. Compliance progressively decreased from the first to the last dose. The overall compliance rate for this study was reported to be 66.1%. 48 Language barriers also may influence compliance. Pignotti et al. (2006) conducted a survey among the parents of 216 infants receiving RSV prophylaxis. 56 Over a 4-year period involving 4 cohorts of high-risk infants, the overall compliance rate with all doses was 87%, and the strongest factor affecting poor compliance was being foreign-born or a non-native speaker (P < 0.01). 56 A palivizumab outpatient prophylaxis program was carried out in a tertiary level neonatal intensive care unit in Italy. 42 Retrospective analysis of medical records and recorded demographic data for 156 high-risk infants, of whom 16 were foreign-born, revealed that the compliance rate with all doses during 3 respiratory seasons was 86% overall, compared with 56% among foreign parents. The strongest predictor for poor compliance was being foreign-born and speaking a non-native language (P < 0.01). 42 Though these studies reported data collected outside the United States, the findings may be applicable to U.S. patients of minority origin. 45 Overall, barriers that influence or predict noncompliance with the recommended regimen of RSV prophylaxis were found to be parental smoking, Medicaid enrollment, lower parental expectations for the benefits of RSV prophylaxis, lack of transportation, and language difficulties.
Home-Based Versus Office/Clinic Care
Ten studies have assessed the impact of an at-home intervention program on compliance and outcomes from documented RSV disease. 23, [36] [37] [38] [39] 43, 45, 51, 54, 55 Three of these, only 1 of which assessed a large patient sample, were presented as full manuscripts and 7 as meeting abstracts (Table 1) . Home interventions consist of monthly visits by a professional from a home health care agency for administration of palivizumab at the patient's home. However, an exact description of the program was not always provided. These studies were performed using retrospective medical record review. Exceptions were the Palivizumab Outcomes Registry analyses 23, 45 and the study by Golombek et al. (2004) , 51 which used prospective observational designs. All of the studies compared home health patients with clinic/office patients in the same 
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reported in a letter to the editor that use of nonmedical language translators in the absence of the letter was unhelpful in promoting compliance. 42 In a study by Awaida et al. (2005) in a pharmacy department setting, reminder telephone calls to parents were associated with an increase in compliance from 64% to 92%. 50 Another intervention was the development of a coordinated neonatal/general pediatric RSV bronchiolitis/pneumonia prevention program. A total of 493 high-risk infants were enrolled over 6 RSV seasons. 49 In the first season (Fall 1998-Spring 1999), patients averaged 3.6 doses, whereas in the sixth season (Fall 2003-Spring 2004), patients averaged 5.6 doses. The percentage of patients receiving some or all doses at home increased from 5% to 58% over this time. Blais et al. (2004) reported that a unique home care-based model that included monthly skilled pediatric nurse visits, monthly assessments, and RSV prevention education resulted in a RSV hospitalization rate of 1.42%, with a compliance rate of 99.5%; however, only post-intervention results were reported. 41 A new procedure involving extensive counseling of parents, reminder telephone calls, calendars with reminder stickers, and tracking charts in the nursing medication rooms was used to improve compliance in a hospital-based clinic. 40 Results showed that an increased percentage of infants (71%) received the appropriate number of injections after implementation of the new interventions compared with 25% before the new interventions (P = 0.005).
40

Programs to Improve Compliance
Six studies reported impact of an intervention program on compliance (Table 2) . [40] [41] [42] 49, 50, 52 Five of these used pre-intervention versus post-intervention comparisons, 40 ,42,49,50,52 whereas 1 reported only post-intervention data. 41 One study analyzed the association of pharmacy intervention with compliance. 50 Sample sizes, when provided, ranged from 24 to 900. Studies were mostly observational with retrospective assessment of data via records or survey. None used a randomized design or contemporaneous comparison group. Interventions included simple telephone reminders to parents or caregivers, 50 multidisciplinary programs involving counseling, reminder telephone calls on the day prior to the appointment, and nurses tracking charts. 40 Complete definitions of interventions and compliance were not always present. All studies reported increased compliance rates but only Roberts et al. (2006) reported statistical testing. 40 When a comprehensive multidisciplinary program that included counseling, tracking charts, and reminder telephone calls was implemented, the contribution of each individual approach to the overall improvement in compliance rate was not analyzed. 40 Interventions to address language and socioeconomic levels were associated with improvements in compliance. When Pignotti et al. used language translators, together with a letter explaining to non-native parents and their physicians the risks of RSV infection and the benefits of prophylaxis, compliance rates increased from 80% to 88% over 2 RSV seasons. 42 Pignotti et al. other minority populations. 45 Several factors were associated with noncompliance, including Medicaid enrollment and minority race, 23, [44] [45] [46] lower parental expectations about the benefits of RSV prophylaxis, 54, 55 lack of transportation, 53 language difficulties, 42, 56 and socioeconomic level. 50 Despite the progress that has been made in reducing hospitalization rates, infants whose parents are noncompliant with palivizumab continue to have hospitalization rates that are unacceptably high. Studies by Frogel et al. (2008) and Berger et al., examining compliance and RSV hospitalization rates, suggested that improved compliance, defined as receipt of all doses within 35 days of the previous dose, was associated with a reduced risk of RSV hospitalization, consistent with the clinical efficacy of palivizumab. 23, 57 For example, Berger et al. found that compliant patients had a hospitalization rate of 1.4% compared with 3.1% in noncompliant infants. 57 However, these studies did not report controlling for confounding variables.
A Systematic Review of Compliance with Palivizumab Administration for RSV Immunoprophylaxis
Lack of access to the site of administration was one of the most important barriers to compliance. An at-home immunoprophylaxis program was associated with improved compliance in patients across different subgroups. 23, [36] [37] [38] [39] 43, 45, 51, 54 When a homebased program including monthly assessments and education about RSV prevention was introduced, compliance rates as high as 99.5% were reported by Blais et al. 41 Compliance rates were also higher among Medicaid patients who received palivizumab at home versus in a clinic setting (90% and 76%, respectively). 23 Furthermore, there was a general increase in number of doses received when the proportion of patients receiving some or all doses at home increased over 6 seasons at a coordinated neonatal/general pediatric practice program. 49 Training of community health aides for at-home administration of RSV prophylaxis was associated with an increase in compliance in a pilot project conducted in villages of the Yukon Kuskokwim Delta region of Alaska. 52 Although these studies strengthen the evidence in favor of a home-based program for palivizumab administration, weaknesses in study methodology limit the degree to which definitive conclusions can be drawn from study results.
Based on these studies, a home-based program to administer RSV immunoprophylaxis could be a key component in ensuring compliance during the RSV season. Most barriers that affect compliance could be overcome, providing greater opportunity to educate parents or caregivers on the risks of RSV disease and the benefits of prophylaxis. Furthermore, a home-based delivery system might offer some additional benefit of decreasing exposure of the infant to pathogens, including RSV, in the clinic or office setting. 39 RSV can survive for several hours on many surfaces and may thus infect a susceptible host. 59 Other intervention strategies have been tested, some of which resulted in a greater improvement in compliance rates than others. Reminder telephone calls to parents/caregivers were associated with an increase in compliance from 64% to 92%, providing another promising alternative. 50 A comparative analysis of the financial implications of such programs should reveal the most cost-effective and realistic program. Some of the characteristics RSV hospitalization rates among high-risk premature infants decreased after palivizumab introduction in the Yukon Kuskokwim Delta region of Alaska. 52 However, compliance with monthly injections remained low because prophylaxis was administered at the Delta regional hospital that was not easily accessible to or from the village by patients' families or a visiting nurse. During the 2003-2004 RSV season, a pilot project was conducted to train certified community health aides to administer palivizumab. Compliance was measured by comparing the actual number of injections administered with the projected numbers, based on month of administration. Following implementation of the pilot project, 90.4% of projected doses were administered, compared with 74% in previous years.
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Impact of Compliance on RSV Hospitalizations
In a study by Berger et al. (2003) , palivizumab use was assessed in 10,390 infants based on dispensing records for a pharmacy benefits management company that provided follow-up telephone contact to ensure the prescribed dose was administered. 57 A total of 9,675 (93.1%) of 10,390 infants were found to be compliant, defined as having no more than 35 days between shipment of doses. RSV hospitalization rates were 1.4% in the compliant group versus 3.1% in the noncompliant group (OR = 2.2, 95% CI = 1.4-3.5, P< 0.001). 57 The Palivizumab Outcomes Registry provided an opportunity to characterize the patterns and scope of palivizumab administration in a cross section of infants in the United States and to correlate compliance with scheduled injections with RSV hospitalization outcomes. 23 Over a 4-year study period, compliance as defined by number of expected doses was not significantly associated with RSV hospitalization in the registry. However, using a different definition of compliance-receipt of all doses within 35 days of the previous dose-odds of RSV hospitalization were significantly lower for those who were compliant (OR = 0.70, 95% CI = 0.54-0.91; RSV hospitalization rates in compliant vs. noncompliant infants were 1.16% vs. 1.65%, respectively, P = 0.007). 23 This study also reported a significant association between RSV hospitalization and number of injections in compliant patients (i.e., those who received all doses within 35 days of the previous dose) with a greater number of hospitalizations observed among infants with a lower number of injections (P < 0.001). In another analysis of this study, Medicaid patients had higher noncompliance rates defined as receipt of all anticipated doses (22% Medicaid vs. 15% non-Medicaid) and doses within 35 days (37% Medicaid vs. 24% non-Medicaid; both comparisons P < 0.001) compared with non-Medicaid patients. Medicaid patients had higher RSV hospitalization rates compared with non-Medicaid patients (1.6% vs. 0.9%, P < 0.001). 44 
■■ Discussion
Our review indicated that compliance with immunoprophylaxis is variable and is suboptimal in certain patient subgroups, such as infants with Medicaid coverage, 23, 44 African Americans, 46 and
■■ Conclusion
This systematic literature review emphasizes that compliance with immunoprophylaxis to prevent RSV LRTI can be variable and is suboptimal in certain subgroups. A number of strategies to improve compliance have been tried. The most investigated strategy was an at-home program of palivizumab administration. By eliminating most barriers to compliance, this strategy offered consistent delivery of palivizumab and ongoing parent/caregiver education. Furthermore, it was associated with a significant decrease in hospitalization rates in 2 of 6 studies. Compliance in general is associated with decreased hospitalization rates. Early identification of infants at risk for poor compliance could help in tailoring intervention programs specifically aimed at improving compliance and ultimately patients' outcomes.
of the noncompliant infant identified in the reviewed studies should be used to develop intervention strategies for each particular group of patients to promote optimal compliance. These interventions could include patient reminder telephone calls, multilingual call centers, or focused patient education efforts that target those demonstrating such a need. Much of the literature examined in this review reported that a home care strategy for administration of palivizumab, by offering consistent delivery of medication and ongoing parent/caregiver education, was associated with better compliance with therapy. The support services provided by specialty pharmacies are now widely used to streamline the drug distribution, delivery, and management process in ways that engage patients in their care. 60 Our search did not reveal any study that assessed the effect of timely delivery by specialty pharmacies on compliance. However, it is possible that some of the studies did use specialty pharmacies for drug delivery but did not report it. This should be an interesting and important avenue to explore.
Many programs described in this review involved multiple interventions, and most studies did not measure the impact of individual interventions. Therefore, individual strategies to improve compliance with therapy require further study using adequate sample sizes and research designs, predefined outcomes, and standardized definitions and methods for evaluating outcomes. In the interim, interventions such as home-based health care could be helpful to high-risk patients and especially certain subgroups with suboptimal compliance, such as Medicaid recipients. The financial implications of home-based health care represent an interesting avenue to explore but are not within the scope of this review.
Limitations
First, this review identified several important limitations in the available research literature. Different studies varied slightly in their definitions of compliance, making it difficult to compare outcomes across studies. Much of the data originated from meeting abstracts that provided limited information about each study, including details about interventions and methods. Other shortcomings in the literature include deficient study designs, nonstandardized outcomes, inadequate sample sizes, and absence of statistical testing, making it difficult to draw definitive conclusions. These limitations may affect the degree to which findings are applicable in clinical situations; however, the studies described here provided information that could potentially be considered in decision making.
Second, our search was based on the keyword palivizumab together with the terms compliance, adherence, or persistence. This search may have missed some articles whose primary focus was not compliance or palivizumab; it may have also missed articles that did not use these exact terms as keywords but reported results relevant to this study. Future studies should attempt to correct these limitations. 
